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(57) ABSTRACT 

An ultrasonic sensor includes a cylindrical case With a bot 
tom. A piezoelectric element is bonded to an inner side of a 
bottom portion of the case, and a felt is bonded to the piezo 
electric element. A cap is ?tted to an opening of the case. The 
cap includes a ?xing portion and a substrate Which is harder 
than the ?xing portion. Terminals are press-?tted to the sub 
strate. Wires are connected to the terminals, so that the ter 
minals are electrically connected to the piezoelectric element. 
A through hole is provided in the ?xing portion. Resin before 
being foamed is injected from the through hole and then 
foamed, so that the case is ?lled With foamable resin While an 
excess amount of foamable resin is pushed out from the 
through hole. 

5 Claims, 6 Drawing Sheets 
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ULTRASONIC SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to ultrasonic sensors, and 
more particularly, to an ultrasonic sensor preferably for use 

as, for example, a backup sensor of an automobile. 

2. Description of the Related Art 

FIG. 6 is a schematic illustration showing an exemplary 
ultrasonic sensor according to a related art. An ultrasonic 
sensor 1 includes a cylindrical case 2 With a bottom portion, 
the case 2 being made of aluminum or other suitable material. 
An inner side of a bottom of the case 2 is connected to one side 
of a pieZoelectric element 3. The case 2 is substantially 
entirely ?lled With foamable resin 4, such as foamable silicon, 
so as to surround the pieZoelectric element 3 . Also, a substrate 
6 having terminals 511 and 5b is attached to an opening of the 
case 2 so as to cover the foamable resin 4. Provided on both 

sides of the substrate 6 are electrodes 7a and 7b Which are 
connected to the terminals 511 and 5b. The one terminal 511 is 
connected to the other side of the pieZoelectric element 3 via 
the electrode 711 provided on the inner side of the substrate 6, 
and via a Wire 8. The other terminal 5b is connected to the one 
side of the pieZoelectric element 3 via the electrode 7b pro 
vided on the outer side of the substrate 6, via a solder 9, and 
via the case 2. 

Using the ultrasonic sensor 1 to measure the distance 
betWeen the ultrasonic sensor 1 and an object to be detected, 
the pieZoelectric element 3 is excited by applying a drive 
voltage to the terminals 511 and 5b. As the pieZoelectric ele 
ment 3 is vibrated, the bottom of the case 2 is vibrated, Which 
causes ultrasound to be emitted to a direction substantially 
perpendicular to the bottom as indicated by an arroW shoWn in 
FIG. 6. When the ultrasound emitted from the ultrasonic 
sensor 1 is re?ected by the object to be detected and reaches 
the ultrasonic sensor 1, the pieZoelectric element 3 is 
vibrated, the vibration is converted into an electric signal, and 
the electric signal is output from the terminals 511 and 5b. A 
period of time from the application of the drive voltage to the 
output of the electric signal is measured, so that a distance 
betWeen the ultrasonic sensor 1 and the object to be detected 
may be measured. 

With the ultrasonic sensor 1, since the inside of the case 2 
is ?lled With the foamable resin 4, the vibration of the entire 
case 2 may be reduced. Also, the ultrasound emitted to the 
inside of the case 2 is dispersed and absorbed by a large 
number of pores in the foamable resin 4. This may ef?ciently 
reduce not only the vibration of the case 2, but also the 
ultrasound remaining in the case 2, thereby improving the 
reverberation property (see Japanese Unexamined Patent 
Application Publication No. 11-266498). 

To ?ll the case With the foamable resin, if the resin is 
injected into the case and then foamed before the substrate is 
attached to the case, then the foamable resin may come out 
from the opening of the case. As a result, only a small internal 
pressure is applied. Accordingly, the case may not be evenly 
?lled With the foamable resin at the comers thereof. If the case 
is not evenly ?lled With the foamable resin, the reverberation 
property may be deteriorated. Also, if the resin is injected into 
the case and is foamed after the substrate is attached to the 
case such that the internal pressure is increased, the foamable 
resin pushes the substrate from the inside of the case, the 
substrate is deformed, and thus, the foamable resin may be 
unevenly ?lled in the case. 
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2 
SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred 
embodiments of the present invention provide an ultrasonic 
sensor Which alloWs a case to be evenly ?lled With foamable 
resin and Which has outstanding properties. 
A preferred embodiment of the present invention provides 

an ultrasonic sensor including a cylindrical case having a 
bottom portion, a pieZoelectric element disposed on an inner 
side of the bottom portion of the case, foamable resin Which 
is injected into the case so as to surround the pieZoelectric 
element, a cap attached to an opening of the case, a terminal 
attached to the cap so as to be electrically connected to the 
pieZoelectric element, and a through hole provided in the cap. 
By forming the through hole in the cap, the resin may be 

injected into the case from the through hole after the cap is 
attached to the case With the pieZoelectric element provided. 
The resin in the case is foamed, so that the case is ?lled With 
the foamable resin, and an excess amount of the foamable 
resin is pushed out from the through hole in the cap. Accord 
ingly, a suitable internal pressure is applied to the foamable 
resin and the foamable resin is evenly spread in the case. This 
may alloW the case to be evenly ?lled With the foamable resin. 

In this ultrasonic sensor, a sectional area of the through 
hole may preferably be determined by conditions of Sh§5 
(mm2), and 0.02§Sh/Sc§0.3, Where Sc is a sectional area of 
the opening of the case, and Sh is the sectional area of the 
through hole provided in the cap. 

With such conditions, the suitable internal pressure is 
applied When the resin is foamed, thereby alloWing the case to 
be evenly ?lled With the foamable resin. If the sectional area 
of the through hole is too large, When the resin injected into 
the case is foamed, the foamable resin is more likely to be 
pushed out from the through hole, the pressure in the case 
becomes small, and thus, the case may not be evenly ?lled 
With the foamable resin at the comers thereof. If the sectional 
area of the through hole is too small, When the resin injected 
into the case is foamed, the foamable resin may not be pushed 
out from the through hole, the internal pressure becomes too 
large, and thus, the cap may be deformed, and the case may 
not be evenly ?lled With the foamable resin. 

Also, the cap may preferably include a soft ?xing portion 
Which is ?xed to the case, and a substrate Which is provided in 
the ?xing portion and is harder than the ?xing portion. The 
terminal may be attached to the substrate. 

Using a hard material for the cap may increase a ?xing 
strength of the terminal. HoWever, even though the ?xing 
portion is made of the relatively soft material, the ?xing 
strength of the terminal may be increased as long as the 
substrate to Which the terminal is attached is made of the hard 
material. 

Where the cap includes the ?xing portion and the substrate, 
the case and the ?xing portion may be ?xed by engaging 
portions, and the ?xing portion and the substrate may be ?xed 
by engaging portions. 
By ?xing the case and the ?xing portion by the engaging 

portions, and ?xing the ?xing portion and the substrate by the 
engaging portions, these components may be easily ?xed. In 
addition, the position of the substrate With respect to the case 
may be determined by the ?xture via the engaging portions. 
Accordingly, the position of the terminal is accurate. 

Also, Where the cap includes the ?xing portion and the 
substrate, the opening of the case, the ?xing portion, and the 
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substrate may have substantially circular cross-sections, and 
the opening of the case, the ?xing portion, and the substrate 
may be concentrically arranged. 
As the opening of the case, the ?xing portion, and the 

substrate have substantially circular cross-sections, and are 
concentrically arranged, the stress applied from the ?xing 
portion to the sub strate may be equally distributed. Therefore, 
the position of the substrate is not shifted With respect to the 
case and the ?xing portion, the positional accuracy of the 
terminal attached to the substrate may be increased, and con 
sequently, the terminal may be precisely positioned at a 
designed position. 

With preferred embodiments of the present invention, the 
resin is injected into the case and then foamed, so that the 
foamable resin may be spread in the case With a suitable 
internal pressure While an excess amount of foamable resin is 
pushed out from the through hole in the cap. Accordingly, the 
case may be evenly ?lled With the foamable resin, and the 
ultrasonic sensor may have an outstanding reverberation 
property. 

The above and other elements, features, steps, characteris 
tics, and advantages of this invention Will become apparent 
from the description of preferred embodiments and the best 
mode for carrying out the present invention With reference to 
the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW shoWing an ultrasonic sensor accord 
ing to a preferred embodiment of the present invention. 

FIG. 2 is a cross-sectional vieW shoWing the ultrasonic 
sensor taken along a line A-A shoWn in FIG. 1. 

FIG. 3 is a cross-sectional vieW shoWing the ultrasonic 
sensor taken along a line B-B shoWn in FIG. 1. 

FIG. 4 is an exploded perspective vieW shoWing the ultra 
sonic sensor shoWn in FIG. 1. 

FIG. 5A is a cross-sectional vieW shoWing an ultrasonic 
sensor according to another preferred embodiment of the 
present invention, FIG. 5B is a plan vieW shoWing a ?xing 
portion used for the ultrasonic sensor, and FIG. 5C is a plan 
vieW shoWing a substrate used for the ultrasonic sensor. 

FIG. 6 is a schematic illustration shoWing an exemplary 
ultrasonic sensor according to a related art of the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a plan vieW shoWing an ultrasonic sensor accord 
ing to a preferred embodiment of the present invention. 

FIG. 2 is a cross-sectional vieW taken along a line A-A 
shoWn in FIG. 1. FIG. 3 is a cross-sectional vieW taken along 
a line B-B shoWn in FIG. 1. 

Anultrasonic sensor 10 includes a cylindrical case 12 With 
a bottom portion. In particular, the case 12 includes a bottom 
portion 12a and a side Wall 12b. The case 12 is made of a 
metal material, for example, aluminum. As shoWn in FIG. 4, 
a holloW portion 14 is provided in the case 12. For example, 
the holloW portion 14 is con?gured such that both ends 
thereof are curved and portions betWeen the ends are linear, so 
as to have a long cross section. The Wall thickness of opposite 
portions of the side Wall 12b of the case 12 is relatively small, 
and the Wall thickness of residual opposite portions substan 
tially perpendicular to the former opposite portions is rela 
tively large. Since the spread of the ultrasonic generated from 
the ultrasonic sensor 10 is dependent on the shape of the 
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4 
holloW portion 14, the shape of the holloW portion 14 is 
designed in accordance With a desired property. 

In the portions With the relatively large Wall thickness of 
the case 12, recesses 16 are provided at the outer side of the 
side Wall 12b of the case 12. Each recess 16 extends toWard 
the bottom portion 1211 from an end of the case 12 near the 
opening. The depth of the recess 1 6 is relatively small near the 
opening of the case 12, and the depth thereof is relatively large 
near the bottom portion 12a. In other Words, steps 1611 are 
provided in the recesses 16. The steps 1611 are substantially 
parallel to the end of the case 12 near the opening. The 
recesses 16 are provided to ?x a cap (described beloW). 

In the case 12, a pieZoelectric element 18 is attached to an 
inner side of the bottom portion 12a. The pieZoelectric ele 
ment 18, for instance, includes a pieZoelectric substrate 
Which is a substantially circular plate or a substantially rect 
angular plate, and electrodes provided on both sides of the 
pieZoelectric substrate. The electrode on one side of the 
pieZoelectric element 18 is bonded on the bottom portion 1211 
With a conductive adhesive or other suitable adhesive. An 
adhesive layer 20 is provided on the electrode disposed on the 
other side of the pieZoelectric element 18, and then a felt 22 is 
bonded on the adhesive layer 20. The felt 22 absorbs the 
ultrasound emitted from the pieZoelectric element 18 to the 
inside of the case 12. Also, the felt 22 alloWs the pieZoelectric 
element 18 to vibrate Without being disturbed by the foam 
able resin (described beloW). 
A cap 24 is attached to the opening of the case 12. The cap 

24 includes a ?xing portion 26 for ?xing the cap 24 to the case 
12, and a substrate 28 Which is disposed at a central portion of 
the ?xing portion 26. The ?xing portion 26 is made of a 
relatively soft resin material, such as silicon rubber, for 
example. The ?xing portion 26 has a disk shape having an 
outer diameter similar to an outer diameter of the case 12. In 
addition, protrusions 30 are provided at opposite portions of 
the disk shaped ?xing portion 26. The protrusions 30 extend 
from the ?xing portion 26 in a thickness direction. Each 
protrusion 30 is relatively thin at a portion near the ?xing 
portion 26 and relatively thick at a portion distant from the 
?xing portion 26. In other Words, steps 3011 are respectively 
formed at intermediate portions of the protrusions 30. 
The ?xing portion 26 is attached to the opening of the case 

12. At this time, by pressing the ?xing portion 26 toWard the 
opening of the case 12, the protrusions 30 of the ?xing portion 
26 are engaged With the recesses 16 of the case 12 to de?ne 
engaging portions. The steps 16a of the recesses 16 engage 
the steps 30a of the protrusions 30, and thus, the ?xing portion 
26 is ?xed to the case 12. Since the ?xing portion 26 is made 
of the relatively soft resin material, such as silicon rubber, the 
protrusions 30 of the ?xing portion 26 may be easily ?tted to 
the recesses 16 of the case 12. 
The ?xing portion 26 includes a hole 32 having, for 

example, a substantially rectangular shape, at the central por 
tion thereof. A protrusion 26a is provided on an inner Wall of 
the hole 32 at an intermediate portion in a thickness direction 
of the ?xing portion 26. The protrusion 26a extends around 
substantially the entire inner periphery of the hole 32. The 
substrate 28 is ?tted to the hole 32. For example, the substrate 
28 is made of a rigid material, such as polyphenylene sul?de 
(PPS), for example, Which is harder than the silicon rubber. 
The substrate 28 has a substantially rectangular shape corre 
sponding to the shape of the hole 32 of the ?xing portion 26. 
A recessed portion 28a is provided in the periphery of the 
substrate 28 corresponding to the protrusion 26a. By pushing 
the substrate 28 into the hole 32 of the ?xing portion 26, the 
protrusion 26a of the ?xing portion 26 is engaged With the 
recessed portion 28a of the substrate 28 so as to de?ne engag 
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ing portions. Accordingly, the substrate 28 is ?xed to the 
?xing portion 26. Since the ?xing portion 26 is made of the 
relatively soft resin material, the substrate 28 may be easily 
engaged With the ?xing portion 26. 

The substrate 28 includes tWo terminal holes 34, to Which 
terminals 36a and 36b are press-?tted. The terminals 36a and 
36b are made of a conductive material such as metal, and 
portions thereof located at the outside of the cap 24 are bent in 
a crank shape. The bent portions of the terminals 36a and 36b 
prevent the terminals 36a and 36b from falling through holes 
penetrating a printed circuit board (not shoWn) When the 
ultrasonic sensor 10 is mounted on the printed circuit board, 
and may provide a gap betWeen the case 12 and the printed 
circuit board. 

In the case 12, the one terminal 36a is connected to the case 
12 via a Wire 3811, and is electrically connected to the elec 
trode on the one side of the pieZoelectric element 18 via the 
case 12. The other terminal 36b is electrically connected to 
the electrode on the other side of the pieZoelectric element 18 
via a Wire 38b. For example, solder is used for connection 
betWeen the case 12, the pieZoelectric element 18, the termi 
nals 36a and 36b, and the Wires 38a and 38b. 

In addition, the ?xing portion 26 includes, for example, 
tWo through holes 40 having a substantially circular shape, in 
opposite portions of the substrate 28. The through holes 40 
are con?gured such that a sectional area thereof is determined 
by conditions of Sh§5 (m2), and 0.02§Sh/Sc§0.3, Where 
Sc is a sectional area of the opening of the case 12, and Sh is 
the sectional area of the through holes 40 provided in the 
?xing portion 26 of the cap 24. 

The inside of the case 12 and the inside of the through holes 
40 provided in the ?xing portion 26 are ?lled With foamable 
resin 42 such as foamable silicon. The foamable resin 42 
before being foamed is injected from ?rst ends of the through 
holes 40, and heated to be foamed and cured. At this time, 
since the through holes 40 are con?gured such that the sec 
tional area thereof is determined by the above-described con 
ditions, an excess amount of foamable resin 42 is pushed out 
from the through holes 40, and the foamable resin 42 may be 
expanded in the case 12 With a suitable internal pressure. 
Therefore, all comers of the case 12 may be ?lled With the 
foamable resin 42, and the inside of the case 12 may be ?lled 
With the foamable resin 42 evenly. 

If the sectional area of the through holes 40 is too large, 
When the resin injected into the case 12 is foamed, the foam 
able resin 42 is likely to be pushed out from the through holes 
40. As a result, a suitable internal pressure may not be pro 
vided. Because of this, the foamable resin 42 may not be 
injected into the comers of the case 12. On the other hand, if 
the sectional area of the through holes 40 is too small, When 
the resin injected into the case 12 is foamed, the excess 
amount of foamable resin 42 may not be pushed out from the 
through holes 40, the cap 42 may be lifted up, and may be 
deformed. Because of this, the foamable resin 42 may be 
unevenly ?lled in the case 12. 
Where the ultrasonic sensor 10 is used as a backup sensor 

of an automobile, the pieZoelectric element 18 is excited by 
applying a drive voltage to the terminals 36a and 36b. 
Although the pieZoelectric element 18 is surrounded With the 
foamable resin 42, the vibration region of the pieZoelectric 
element 18 may be secured by the felt 22 bonded to the 
pieZoelectric element 18. As the pieZoelectric element 18 is 
vibrated, the bottom 12a of the case 12 is vibrated, Which 
causes ultrasound to be emitted to a direction substantially 
perpendicular to the bottom 1211. When the ultrasound emit 
ted from the ultrasonic sensor 1 0 is re?ected by an object to be 
detected and reaches the ultrasonic sensor 10, the pieZoelec 
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6 
tric element 18 is vibrated. The vibration is converted into an 
electric signal, and the electric signal is output from the 
terminals 36a and 36b. A period of time from the application 
of the drive voltage to the output of the electric signal is 
measured, so that a distance betWeen the ultrasonic sensor 10 
and the object to be detected may be measured. 

With the ultrasonic sensor 10, since the inside of the case 
12 is evenly ?lled With the foamable resin 42, the vibration of 
the entire case 12 may be reduced. While the ultrasound 
emitted from the pieZoelectric element 18 to the inside of the 
case 12 is absorbed by the felt 22, the ultrasound passing 
through the felt 22 is dispersed and absorbed by the large 
number of pores in the foamable resin 42. This may ef?ciently 
reduce not only the vibration of the case 12, but also the 
ultrasound remaining in the case 12, thereby improving a 
reverberation property. 

In the ultrasonic sensor 10, as shoWn FIG. 5A to SC, the 

opening of the case 12 may be substantially circular, and the 
cap 24 may be attached by ?tting the relatively soft ?xing 
portion 26 in the opening. The ?xing portion 26 preferably 
has a disk shape. Also, concentrically arranged ?tting protru 
sions 26b and 260 are provided respectively at the peripheral 
edge and at the inner side of the peripheral edge of the ?xing 
portion 26. Since the ?tting protrusions 26b and 260 are 
concentrically arranged, a circular groove or substantially 
circular groove is provided betWeen the ?tting protrusions 
26b and 260. The end ofthe side Wall 12b ofthe case 12 near 

the opening is ?tted into the groove, so that the ?xing portion 
26 is attached to the case 12. Where the holloW portion 14 in 
the case 12 has a shape other than the substantially circular 
shape, the holloW portion 14 may be provided at a deep 
portion in the substantially circular case 12, the deep portion 
being distant from the end of the side Wall 12b near the 
opening. This con?guration alloWs the shape of the end of the 
side Wall 12b of the case 12 near the opening to be substan 
tially circular. Accordingly, the substantially circular ?xing 
portion 26 may be attached to the case 12 regardless of the 
shape of the holloW portion 14. 

At this time, the hole 32 of the ?xing portion 26 and the 
substrate 28 attached to the ?xing portion 26 also have sub 
stantially circular shapes. In the ultrasonic sensor 10 shoWn in 
FIG. 5, a through hole 40 is provided at an approximate center 
portion of the substrate. The opening of the case 12, the ?xing 
portion 26, and the substrate 28 are concentrically arranged. 

As described above, since the opening of the case 12, the 
?xing portion 26, and the substrate 28 have a substantially 
circular shape, and are concentrically arranged, a stress 
applied from the ?xing portion 26 to the substrate 28 may be 
equally distributed. The position of the substrate 28 is not 
shifted With respect to the case 12 and the ?xing portion 26, 
and thus, the positional accuracy of the terminals 36a and 36b 
attached to the substrate 28 may be improved. Accordingly, 
the ultrasonic sensor 10 having the terminals 36a and 36b 
located at the designed positions may be provided, and thus, 
the ultrasonic sensor 10 may be suitable for automated 
mounting. 

In the above-described preferred embodiments, While the 
cap 24 is formed by assembling the relatively soft ?xing 
portion 26 and a relatively hard substrate 28 that is harder than 
the ?xing portion 26, the cap 24 may be made of one material. 
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In such a case, the cap 24 may be preferably made of a 
relatively hard material so as to increase a ?xing strength of 
the terminals 36a and 36b. 

Example 1 

The ultrasonic sensor having the structure shoWn in FIGS. 
1 to 4 Was manufactured. First, the piezoelectric element 18 
Was attached to the inner side of the bottom of the case 12 

made of aluminum. First ends of the Wires 38a and 38b Were 
soldered to the piezoelectric element 18 and to the side Wall of 
the case 12. The felt 22 Was bonded to the pieZoelectric 

element 18. MeanWhile, the terminals 36a and 36b Were 
press-?tted to the terminal holes 34 provided in the substrate 
28 made of PPS, and the substrate 28 Was ?tted to the ?xing 
portion 26 made of silicon rubber. Second ends of the Wires 
38a and 38b Were soldered to the terminals 36a and 36b 

press-?tted to the substrate 28, and the ?xing portion 26 Was 
?tted to the case 12. Foaming silicon Was injected into the 
case 12 from the through holes 40 provided in the ?xing 
portion 26, and the foamable silicon Was heated at about 60° 
C. so as to be foamed and cured. At this time, the foamable 
silicon pushed out from the through holes 40 Was removed, 
and thus, the ultrasonic sensor Was manufactured. Using this 
ultrasonic sensor, the sectional area of the through holes 40 
provided in the ?xing portion 26 of the cap 24 Was varied, so 
as to observe the ?lling state of the foamable silicon in the 
case 12 and evaluate the results. The results Were shoWn in 

Table 1. 

TABLE 1 

Sample Sh Sc 
No. (mm2) (mm2) Sh/ Sc Evaluation State 

1 0.2 250 8 x 10’4 Not Good Foaming Si not 
pushed out, uneven 

?lling, ?xing 
portion deformed 

2 5 250 2 X 10*2 Good Good 
3 20 250 s X 10*2 Not Good Uneven ?lling 
4 5 100 5 X 10*2 Good Good 
5 5 15 3 X 10*1 Good Good 
6 8 15 5 x 10’1 Not Good Uneven ?lling 
7 10 15 7 x 10’1 Not Good Uneven ?lling 

As shoWn in the results of Sample Nos. 3, 6 and 7 in Table 
1, When the sectional area Sh of the through holes 40 Was 
above about 5 (m2), or the ratio Sh/Sc of the sectional area 
Sh of the through holes 40 to the sectional area Sc of the 
opening of the case 12 Was above about 0.3, the foamable 
silicon Was likely to be pushed out from the through holes 40 
When the foamable silicon Was foamed. As a result, only a 
small internal pressure Was provided in the case 12. Accord 
ingly, the case 12 could not be evenly ?lled With the foamable 
silicon. As shoWn in the result of Sample No. 1 in Table 1, 
When the Sh/Sc Was beloW about 0.02, the excess amount of 
foamable silicon Was not pushed out from the through holes 
40. Due to this, the internal pressure of the case 12 increased, 
the ?lling state of the foamable silicon became uneven, and 
the ?xing portion 26 of the cap 24 Was deformed. In contrast, 
as long as the conditions of Sh§5 (m2), and 0.02§Sh/ 
Sc§0.3 Were satis?ed, the case 12 could be evenly ?lled With 
the foamable silicon. 
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Example 2 

The ultrasonic sensor having the structure shoWn in FIG. 5 
Was manufactured. The ultrasonic sensor Was manufactured 
in a similar manner to Example 1 except that the opening of 
the case 12, the ?xing portion 26, and the substrate 28 Were 
con?gured to have a substantially circular shape, and Were 
concentrically arranged. As a comparative example, an ultra 
sonic sensor Was manufactured in Which the shape of the 
substrate 28 Was ellipsoidal and the terminals 36a and 36b 
Were aligned in a longitudinal direction of the substrate. For 
those ultrasonic sensors, the positional accuracy of the termi 
nals 36a and 36b Was measured. The center of the case 12 Was 
the reference of the positional accuracy of the terminals 36a 
and 36b, and the shifting amount of the terminals 36a and 36b 
from the designed positions Was measured With respect to the 
reference. The shifting amount Was measured in tWo direc 
tions (X-direction and Y-direction) including a direction 
along the terminals 36a and 36b, and in a direction substan 
tially thereto. The number of samples for the measurement 
Was ten for the ultrasonic sensor according to various pre 
ferred embodiments of the present invention, and ten for the 
comparative example. An average and a standard deviation 
(on-1) Were calculated for each sample, and the results Were 
shoWn in Table 2. 

TABLE 2 

X-direction X-direction Y-direction Y-direction 
positional positional positional positional 
shift of shift of shift of shift of 

terminals terminals terminals terminals 
(average) (on — 1) (average) (on — 1) 
(mm) (mm) (mm) (mm) 

Present 0.06 0.03 0.05 0.02 
invention 
Comparative 0.25 0.14 0.21 0.12 
example 

As shoWn in Table 2, even though the assembly method of 
the ultrasonic sensor of preferred embodiments of the present 
invention Was simple such that the substrate 28 Was merely 
?tted to the ?xing portion 26 made of silicon rubber, the 
terminals 36a and 36b could be disposed With a markedly 
improved positional accuracy. 

While preferred embodiments of the present invention 
have been described above, it is to be understood that varia 
tions and modi?cations Will be apparent to those skilled in the 
art Without departing the scope and spirit of the present inven 
tion. The scope of the present invention, therefore, is to be 
determined solely by the folloWing claims. 

What is claimed is: 
1. An ultrasonic sensor comprising: 
a case having an opening and a bottom portion; 
a pieZoelectric element disposed on an inner side of the 

bottom of the case; 
foamable resin injected into the case so as to surround the 

pieZoelectric element; 
a cap attached to the opening of the case; 
a terminal attached to the cap so as to be electrically con 

nected to the pieZoelectric element; and 
a through hole provided in the cap. 
2. The ultrasonic sensor according to claim 1, Wherein a 

sectional area of the through hole is determined by the fol 
loWing conditions: 
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Where Sc is a sectional area of the opening of the case, and 
Sh is the sectional area of the through hole formed in the 
cap. 

3. The ultrasonic sensor according to claim 1, Wherein 
the cap includes a soft ?xing portion Which is ?xed to the 

case, and a substrate Which is provided in the ?xing 
portion and is harder than the ?xing portion; and 

the terminal is attached to the substrate. 
4. The ultrasonic sensor according to claim 3, Wherein the 

case and the ?xing portion are ?xed by mating portions, and 

10 
the ?xing portion and the substrate are ?xed by mating por 
tions. 

5. The ultrasonic sensor according to claim 3, Wherein the 
opening of the case, the ?xing portion, and the substrate have 
substantially circular shapes, and the opening of the case, the 
?xing portion, and the substrate are concentrically arranged. 


